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Abstract. In this work, we present first report on disturbances over Brazil-
ian atmosphere on 16–17 September, 2015 following the Chile tsunami oc-
currence. Using all-sky imager and magnetometer located at 2330 km away
from the epicenter, the presence of disturbances is noted 1–3 hours after the
tsunami beginning time and during time which seismic tremor was also felt
in the region. We argue that their presence towards continent at 2000-3000
km away from the epicenter offers another example of similar atmospheric
response as those observed during Tohoku-Oki tsunami, 2011. This similar-
ity and their appearance during seismic tremor over the region classify them
to be of tsunamigenic and/or seismogenic nature.
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1. Introduction
Geospace monitoring of seismogenic disturbances using non-seismic sensors has gain
significant momentum in the last decade. During giant tsunamis that occurred in last
ten years, tsunamigenic disturbances in the atmospheric airglow from all-sky imagers,
ionospheric electron density from GNSS receivers and geomagnetic disturbances from
magnetometers were reported [Rolland et al., 2010, 2011; Makela et al., 2011; Galvan
et al., 2012; Kherani et al., 2012; Astafyeva et al., 2013; Occhipinti et al., 2013; Klausner
et al., 2014; Coisson et al., 2015].
For the first time, airglow disturbances over Hawaii were observed during Tohoku-Oki
tsunami [Makela et al., 2011]. An interesting aspect observed during this tsunami was
the presence of tsunamigenic total electron content (TEC) disturbances towards continent
opposite to the tsunami propagation direction, covering up to 25◦ from epicentral distance
[Tsugawa et al., 2011; Galvan et al., 2012]. These backward propagating disturbances were
simulated and interpreted as owing to the strong atmosphere shaking from the tsunami
forcing near the coast [Kherani et al., 2012].
Motivated by the presence of backward propagating tsunamigenic disturbances during
Tohoku-Oki tsunami, we search for such disturbances in the present study during the Chile
tsunami that occurred on 16th of September, 2015 at 22:55 UT, with epicenter located at
31.57◦ S and 71.65◦ W in 25 km depth, and accompanied by an earthquake of magnitude
8.3. We select a Brazilian observatory located at São José dos Campos (SJC - 23.2◦S,
45.9◦W) and present the observation from the all-sky imager and magnetometer. The
all-sky is a 180◦ field of view multispectral imaging system that uses four 4-inch diameter
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interference filter of 2.0 nm bandwidth for OI 557.7 nm emission. The OI 557.7-nm
greenline emission has been largely used to investigate wave dynamical processes around
the mesopause region. In this kind of images, it is possible to observe gravity waves
and tides signatures as well as infer the atomic oxygen profile [Schubert et al., 2011].
The OI 557.7-nm emission volumetric peak rate occurs around 95±2 km. A fluxgate
magnetometer with 0.1 nT resolution belonging to “Universidade do Vale do Paraíba” is
used in the present study. This magnetometer also belongs to EMBRACE Magnetometer
Network in South America. In Figure 1, the epicenter of earthquake and SJC observatory
location are shown. Also, it is shown an airglow image over SJC with effective field of
view.
2. Results and Discussion
2.1. Airglow Disturbances
In Figures 2–3, we present the images on the night of September 16–17, 2015 obtained
using all-sky imager. Figure 2 shows sequences of images of the OI 557.7-nm emission in
which we note the presence of faint band-like airglow disturbances that appear around
02:05 UT (3 hours and 5 minutes after the earthquake event) and last about 30 min-
utes. These disturbances have wavefront aligned in northwest-southeast and propagated
in northeastward direction, i. e., in the opposite direction to the tsunami propagation.
From an enlarged image at 02:05 UT in Figure 3, we note that these disturbances have
wavelength in between 60 to 100 km. The airglow movie for the night of this reported event
and the night before and after are available in the auxiliary material as Movie_15Sep2015,
Movie_16Sep2015 and Movie_17Sep2015 for comparison. From these movies, we verify
that such disturbances as noted on the night of tsunami are absent on other days.
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Band-like airglow disturbances are common feature over Brazilian region, and
they are associated to gravity waves/medium-scale traveling ionospheric disturbances
(GWs/MSTIDs) [Medeiros et al., 2003; Wrasse et al., 2006; Candido et al., 2008; Pi-
menta et al., 2008]. Both mesospheric GWs and MSTIDs signatures observed in airglow
images by Medeiros et al. [2003]; Wrasse et al. [2006]; Candido et al. [2008]; Pimenta
et al. [2008] are commonly attributed to tropospheric convective processes or to middle
latitude instabilities. In addition, they have opposite orientation (northeast to southwest)
and propagation direction (northwestward) to those observed here. Therefore, the ob-
served airglow disturbances in Figures 2–3 are not the convectively-driven GWs/MSTIDs
commonly observed in the region.
On the other hand, these disturbances are possibly seismogenic or tsunamigenic. For
the Tohoku-Oki tsunami, ionospheric disturbances in TEC were reported to propagate
towards backward direction in the form of concentric wavefronts, and to arrive up to
23◦ from epicentral distance [Tsugawa et al., 2011; Galvan et al., 2012]. The airglow
disturbances in Figures 2–3 offer a similar scenario where their presences are noted at
2000–3000 km (∼18◦ – 27◦) from epicentral distance in the backward direction.
For the Tohoku-Oki tsunami, the backward propagating TEC disturbances were simu-
lated and interpreted as owing to the strong atmosphere shaking from the tsunami forcing
near the coast [Kherani et al., 2012]. Therefore, the observed backward propagating air-
glow disturbances in the present study are possibly arising from the similar atmospheric
shaking.
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2.2. Geomagnetic Field Disturbances
On Figures 4–5, geomagnetic field measurements are presented. In Figure 4, the H- and
Z-components during 16-17 September, 2015 are plotted. In Figure 5, the mean value
(black color) of the quietest day of September (2015) and the standard deviation (grey
color) between each day to the mean value are plotted. The 16th of September, 2015 is
highlighted in blue color.
In Figure 4, we note a magnetic pulse around 24:00 UT, about 40 minutes after the
earthquake. Such pulse is not present on previous night. Also, we note the presence of
such pulse in Figure 5 on night of tsunami while no such pulse is present in any other quiet
days of September, 2015. Moreover, this pulse appears during the time when the seismic
tremors were felt in the region. Consequently, these aspects provide further evidence that
this magnetic pulse is seismogenic or tsunamigenic.
3. Conclusions
We document first report on the airglow and geomagnetic field disturbances related to
the recently occurred Chile tsunami (2015). Also, these disturbances are observed over the
Brazilian sector for the first time. The fact of airglow disturbances could be detected in
opposite direction of the tsunami propagating is very encouraging, and it shows that the
constant monitoring of the ionosphere and geomagnetic field could play an important role
to calibrate seismic/tsunami models, and used in understanding of the physical processes
involved in the tsunami propagation.
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Figure 1. Locations of São José dos Campos observatory (SJC – 23.2◦S, 45.9◦W)
used to geomagnetic field variations and airglow disturbances. The red square shows the
epicenter of the Chilean earthquake of 16th September, 2015. The circle indicates the
field of view at a zenith angle of 90◦ projected at a 100 km altitude and presents a raw
image for OI 557.7-nm emission obtained at 23:05 LT over the field of view. The black
dot shows SJC location.
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Figure 2. Sequence of the OI 557.7-nm emission all-sky images observed at “Universidade do Vale do
Paraíba” (UNIVAP) at São José dos Campos (23.2◦S, 45.9◦W;), showing the time evolution (between 22:41 LT
(01:41 UT) and 00:10 LT (03:10 UT)) and spatial characteristics of gravity wave propagation on the night of
16–17th September, 2015. The top of every imaging is located at the North geographic and left at the West
geographic.
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Figure 3. Airglow disturbance fronts propagating in Southeast direction. Vertical and
horizontal axis are the latitude and longitude in degrees, respectively. The raw image at
OI OI 557.7-nm at top and linearized at bottom obtained at 23:05 LT (02:05 UT).
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Figure 4. Minutely magnetogram data from the H-component (top) and Z-component
(bottom) variations over São José dos Campos. The dashed line shows the time of the
Chilean earthquake (2015) and the arrows point to the increase of the geomagnetic field
over São José dos Campos several minutes after of the event occurrence.
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Figure 5. Minutely magnetogram data for days of September with Dst≥-20 nT
(Aug.31/1st–2/3th, 24/25th–28/29th), 2015 (black thin lines). From top to bottom, each
panel shows the H-component and Z-component variations over São José dos Campos.
Enlargement shows a magnetic pulse (blue color) at São José dos Campos about 40 min-
utes after the earthquake. The black thick line corresponds to mean value variation of
these all eight quietest days and the blue color line corresponds to the day of 16/17th
September,2015. On the horizontal axis, the time varies from 21:01 UT (day before) until
21:00 UT (24 hours period).
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